We study the system of parabolic and hyperbolic one-dimensional partial differential equations governing the adiabatic rotational flow, with temperaturedependent viscosity, in the annulus between two coaxial rotating cylinders with given angular velocities. Under suitable assumptions on the temperature dependence of viscosity, it is shown that solutions are attracted by a circular Couette flow protile with temperature always increasing. The proof is based on a priori estimates, obtained by the help of certain identities for solutions of the governing equations. We consider an incompressible Newtonian viscous fluid in the region between two concentric circular solid cylinders of radius r, and rz (>r,). We are interested in the flow produced by the rotation of the bounding cylinders, given that the inner cylinder is rotating about their common axis with angular velocity w1 and the outer cylinder is rotating with angular velocity w2 ( # wl). We assume that the viscosity of the fluid depends on its temperature and that the flow is performed under adiabatic conditions (no thermal diffusion).
We consider an incompressible Newtonian viscous fluid in the region between two concentric circular solid cylinders of radius r, and rz (>r,) . We are interested in the flow produced by the rotation of the bounding cylinders, given that the inner cylinder is rotating about their common axis with angular velocity w1 and the outer cylinder is rotating with angular velocity w2 ( # wl). We assume that the viscosity of the fluid depends on its temperature and that the flow is performed under adiabatic conditions (no thermal diffusion).
The distribution of angular velocity and temperature in this flow (usually named circular Couette flow) is determined by a qualitative study of the solutions of the system of partial differential equations governing the flow. Essentially, the system consists of a parabolic coupled with a hyperbolic equation, both in one space dimension. So, the asymptotic behavior of the solutions depends on the outcome of the contest between the destabilizing effect of hyperbolicity and the stabilizing effect of parabolicity.
Denoting by w the angular velocity, c the shear stress and 8 the tem-461 perature, the adiabatic circular Couette flow is governed by the following momentum and energy balances (see [ 1 ] for their derivation) w, = L r3 (r2a),
I
(1.1) r,<r<r,,O<t<co. 0, = orw, (
2)
The shear stress is f7 = p(e) rw, (1.3) and the viscosity coefficient p is assumed to be a decreasing positive function of temperature (as typically for liquids) of the form /L(e) = 8 'i, y > 0.
(1.4)
The above system is accompanied with the following boundary and initial conditions: It is very interesting that p is allowed to tend to zero as 8 + co (which is the case, because of the positivity of the right-hand side of (1.2)). Then it is conceivable that the asymptotic distribution of w,. is not uniform. However, we show that under the condition 0 < y < 1, no non-uniformities develop and the flow approaches asymptotically the profile of the steady circular Couette flow To prove our theorem we proceed by assuming that w(r, t), 6(r, c) is a solution of (l.l), (1.2), (1.5), (1.6) on [r,, rz] x [IO, co) such that w, w,, w,, w,,, 6 ore C(CO, ~1; L2(rl, r2)), W,,E C((O, a); L2(rl, r2)), and w,, E ~~,,((O, 02 ); L*(r i, r2)). Following the method of [3, 4] , we establish a priori estimates, which lead to the proof of the Theorem. In what follows, K stands for a generic positive constant, which can be estimated from above solely in terms of y, rl , rz, wl, w2, and the norms of wO, BO.
We rewrite (l.l), (1.2) as w, = L (r30pyw,)r, r' 8, = r28-'wf.
( (1.19) r, In order to estimate the right-hand side of (1.19), we multiply (1.11) by r3tw, and integrate to obtain, by account of (1.12), Integration of the last differential inequality yields w:dr<Ktp2, o<t<co.
(1.28)
The next step is to estimate the L'(r,, rZ)-norm of 0'. Differentiating (1.14) with respect to r and using (1.1) we get The last estimate and (1.5) imply (1.9).
Once the above a priori estimates have been derived, the existence of a unique globally defined solution of (1.1) (1.2) (1.5), (1.6) can be established by a standard procedure. Actually, having a uniform estimate for 8 (by (1.26)) and w (by the maximum principle) one can apply Leray-Schauder fixed point theorem (as in [IS] ) to show local existence on a maximal time interval and then use (1.7) and (1.10) to show that the solution cannot escape in finite time.
